Coremaking simulation an innovative technology with impact for African foundry engineers by Banganayi, Farai Chrispen & Dady, Oyombo
 COREMAKING SIMULATION AN INNOVATIVE 
TECHNOLOGY WITH IMPACT FOR AFRICAN 
FOUNDRY ENGINEERS 
 Farai Chrispen Banganayi1, Oyombo Dady 2 
Abstract 
The development of simulation technologies came with a lot of cost savings through avoiding 
numerous trial and errors. Simulation of the solidification process has been common in the 
Foundry industry for the last 20 years. In Foundry Engineering simulation of the coremaking 
process is a new innovative development. The cores are used to make the hollow section of the 
castings and are usually produced separate from the moulds. The autonomous optimisation of 
simulation technologies gives the engineer a variety of options in the design process which will 
require a lot of time to accomplish if done manually through regular set up of the simulation 
process. The study evaluated the traditional core making process against making use of core 
making simulation technologies in an African foundry. In this case we looked into the coremaking 
process for a rail transmission casting with the aim of reducing a problematic defect on the cores.  
The use of the simulation technology in trying to solve this problem brought about a number of 
added advantages in pursuit of responsible consumption and production. The defect was 
eliminated, lead times were reduced, productivity was improved and material consumption was 
reduced. This core manufacturing process became more sustainable. 
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1. Introduction  
The traditional production of sand cores can be a sophisticated process filled with technical 
challenges that can severely delay production, create scrap and rework leading to increased costs 
on the finished products (Schneider and Stevenson, 2018). Coremaking gives foundries a 
capability that no other metalworking process can offer, which is the ability to form external and 
internal contours, shapes, cavities, and passageways in one operation (Gupta, Aloni and Binzade, 
2016). The most common coremaking methods are as follows no-bake, shell, cold box, CO2, oil 
sand and hotbox. The more the product designs become complicated to improve efficiencies the 
more it becomes challenging to make defect free cores that do not compromise the casting’s 
design efficiencies (Schneider and Stevenson, 2018).  
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The core making process is seen as a process that generates a lot of gases. This means the core 
making process is becoming a victim of more stringent environmental regulations. This therefore 
 necessitates the need to optimise the process so as to stay in business whilst abiding to the 
environmental regulations. In the last few years foundries have been under pressure to improve 
technologies and processes in order to remain profitable (Gupta, Aloni and Binzade, 2016).  
The challenge with the traditional core making methods is that there are based on trial and error. 
The trial and error methods have huge cycle times and do not adequately address or give you a 
scientific reason behind the failure of the previous trial. Simulation splits up the real process in 
detail, according to both time and space. The Engineer is capable of identifying what is happening 
on which area of the core and at what time from the simulation. This therefore allows for the 
identification of parameters that affect tool production in advance (Sturm and Wagner, 2014).  
Simulation of cores is considered to be very new, though we have had the simulation of metal 
flow for a long time (Nowacyzk, 2015). Simulation of sand-core production is a new technique 
for changing tool and process design on the basis of insights into core-shooting and hardening 
processes based on the basic principles of the process (Sturm and Wagner, 2014). Opposed to 
physical trial and errors, autonomous optimization using simulation tools provides significantly 
more choice. Autonomous optimization capacitates foundry engineers to modify several 
parameters. The optimisation can be performed in the casting design and in the casting process 
layout, simultaneously and independently from each other, whilst the quality criteria can be 
individually and quantitatively evaluated (Hahn and Sturm, 2015). Simulation helps to plan, 
implement and operate stable processes (Nowacyzk, 2015). 
Core simulation process needs a number of variables like, core shooting pressure, type of vents, 
number of vents, nozzles size, nozzle shape. Using the traditional method core box/ patter 
makers/tooling designers have knowledge on limited variables that will affect the coremaking 
process (Schneider and Stevenson, 2018).  The effects of filling the core box cavity and sand 
compaction in processes of core production by blowing methods (blowing, shooting) depend on 
a number of factors. The important factors are: geometrical parameters of cavity and complexity 
of its shape, number, distribution and shape of blowing holes feeding sands as well as the venting 
of a technological cavity. Values of separate parameters are chosen according to various criteria, 
but more importantly they should be adjusted to properties of the core sand to be used (Dańko, 
Dańko, Burbelko and Skrzynski, 2014). The filling dynamics of a core box are dependent on the 
flow of air, whilst least compacted area are associated with poor venting (Nowacyzk, 2015). 
Changing one process parameter, due to its relationship with other parameters, can have a number 
of impacts on the rest of the process and can affect the final casting quality in many different 
ways. This makes it difficult to manually optimize a casting process by evaluating the casting 
quality based on trial and error, pursuing quality and economic objectives simultaneously (Hahn 
and Sturm,2015). 
2. Approach to analysis of traditional and simulation designs  
The core box design prepared from traditional trial and error methods with a problematic filling 
defect had its design and operation parameters loaded to the simulation software and simulated. 
The simulation was evaluated and changes were made to the core box design using autonomous 
optimisation simulation tools. The best optimised simulation design was then adopted as the new 
 design. The performance of the new design and its core shooting parameters were compared to 
those of the traditional design from trial and error methods. 
3. Analysis of cores from traditional and simulated designs. 
3.1 Traditional design core. 
 
 
 
 
 
 
 
Figure 1 shows the core inside the core box with a defect that shows inadequate filling of the core 
on the two encircled ends in figure1. The practice was then to patch the defect with sand after 
releasing the core box from the core shooter. 
 
 
 
 
 
 
 
 
 
 
Figure 1: Core box traditional from traditional trial and error design with a defected core 
Defect inadequate 
filling of core 
Figure 2: traditional design core box top  
Figure 3: Traditional core box design bottom 
 Figure 2 and 3 show the traditional design core box. The core box was used in the foundry despite 
its defects. This was most likely the best choice the foundry could rely on after a number of trial 
and errors.  
3.2 Simulation  
 
 
 
 
 
 
 
 
 
 
 
The traditional design was simulated under the following conditions  
 Original design of core box  
 Nozzle central position 
 6 vents  
 1 nozzle  
 Silica sand sub rounded 
 Phenolic resole sand  
 CO2 gassing  
 Core blowing 15 seconds  
 Core gassing 15 seconds  
 Core shooting pressure 250KPa 
 Core gassing pressure 300KPa 
The result came out more or less the same giving the same defect in the same area. The 
simulation showed incomplete filling of the core box. The severity of incomplete filling is 
represented by the blue, grey and white colours on the simulated drawing as represented by 
the scale on the right of the simulation drawing.   
Figure 4: Simulation of the traditional design  
 The autonomous optimised simulation was then carried out to give the results in figure 5 .The 
ideal design was to change the nozzles positions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Smart Data  
 
Figure 5 shows the optimised simulated design with a robust defect free core. The optimal core 
design was achieved with the following parameters; 
 Original core design  
 Nozzle exterior position 
 6 vents 
 2 nozzles  
 Silica sand sub rounded 
 Phenolic resole sand  
 CO2 gassing  
 Core blowing 10 seconds  
 Core gassing 5 seconds  
 Core shooting pressure 250KPa 
Figure 5: Simulated design 
  Core gassing pressure 300KPa 
4. Benefits from the core simulation technology  
4.1 Benefits for the foundry engineer realised when using core simulation software   
The use of core simulation technology resulted in a number of benefits for the foundry engineers 
in a number of areas. The benefits are given in the subsections to follow. 
4.1.1 Improved lead times  
Instead of doing a trial an error. The foundry engineer will be capable of producing core boxes 
for prototypes and production within shorter time periods. This brings about improved 
competiveness in terms of customer delivery. 
4.1.2 Improved productivity 
The time for core blowing and gassing have been reduced sue to a more efficient and optimised 
simulation design. The reduction in times within the core making process results in actual 
reduction of cycle time. This therefore allows for more cores to be produced within a given shift 
or day. 
4.1.3 Knowledge transfer  
The core simulation programme will assist the foundry engineer in understanding the complex 
interactions between the process variables. This thereby gives the foundry engineer knowledge 
based on the interaction with the simulation programme. 
4.1.4 Accelerated root cause analysis 
The foundry engineer is capable of performing root cause analysis on the software programme 
for core defects that he/she could be experiencing. The simulation programme speeds up the 
process of identifying the problem. 
4.1.5 Reduced costs  
The foundry engineer will have a number of savings, from labour time, wood for patterns, CO2 
gas, electricity, and compressed air. This is dependent on the design chosen to make the best 
quality cores at an economically sustainable cost. 
4.1.6 Competitive market advantage  
The foundry engineer’s prices for castings will eventually become competitive on the market 
because of the cost savings, lead time and good quality these advantages can eventually lead to 
more orders. 
 5. Conclusion 
Core simulation is a disruptive technology in the foundry space. The foundry engineer derives 
several benefits from core simulation technology. The benefits put the foundry in a better position 
in terms of profits and competitiveness. The savings on materials contribute towards achieving 
the sustainable development goals. Reduction in trial and errors saves a lot of wood since the 
majority of the core boxes are made from wood and resin. The same with reduction in gassing 
time contributes towards reducing greenhouse gas emissions. The benefits attained from 
simulation of cores contribute towards sustainable development goals under industry innovation 
and infrastructure SDG 9, responsible consumption and production SDG 12, climate action 
SDG13 and promotion and sustainable use of terrestrial ecosystems SDG 15. The benefits are 
seen to be interlinked in achieving certain goals, thus a benefit can contribute towards the 
achievement of 1 or more sustainable development goals. The innovation and sustainability 
brought about by simulation technology demands that the foundry engineer adjusts to acquiring 
key competencies and skills required for production in the future.  
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